Structure-function analysis of Bcl-2 family proteins. Regulators of programmed cell death.
The Bcl-2 protein blocks a distal step in an evolutionarily conserved pathway for programmed cell death and apoptosis. To gain better understanding of how this protein functions, we have undertaken a structure-function analysis of this protein, focusing on domains within Bcl-2 that are required for function and for interactions with other proteins. Four conserved domains are present in Bcl-2 and several of its homologs: BH1 (residues 136-155), BH2 (187-202), BH3 (93-107) and BH4 (10-30). Deletion of the BH1, BH2, or BH4 domains of Bcl-2 abolishes its ability to suppress cell death in mammalian cells and prevents homodimerization of these mutant proteins, though these mutants can still bind to the wild-type Bcl-2 protein. These mutants also fail to bind to BAG-1 and Raf-1, two proteins that we have shown can associate with protein complexes containing Bcl-2 and which cooperate with Bcl-2 to suppress cell death. Deletion of either BH1 or BH2 nullifies the ability of Bcl-2 to: (a) suppress death in mammalian cells: (b) block Bax-induced lethality in yeast; and (c) heterodimerize with Bax. In contrast, deletion of the BH4 domain of Bcl-2 nullifies anti-apoptotic function and homodimerization, but does not impair binding to the pro-apoptotic protein Bax. Taken together, the data suggest the possibility that both Bcl-2/Bcl-2 homodimerization and Bcl-2/Bax heterodimerization are necessary but insufficient for the anti-apoptotic function of the Bcl-2 protein. Homodimerization of Bcl-2 with itself involves a head-to-tail interaction, in which an N-terminal domain where BH4 resides interacts with the more distal region of Bcl-2 where BH1, BH2, and BH3 are located. In contrast, Bcl-2/Bax heterodimerization involves a tail-to-tail interaction, that requires the portion of Bcl-2 where BH1, BH2, and BH3 reside and a central region in Bax where the BH3 domain is located. The BH3 domain of Bax is also required for Bax/Bax homodimerization and pro-apoptotic function in both yeast and mammalian cells. Thus, Bcl-2 may suppress cell death at least in part by binding to Bax via the BH3 domain and thereby preventing formation of Bax/Bax homodimers. Further studies however are required to delineate the full significance of Bcl-2/Bcl-2, Bcl-2/Bax, and Bax/Bax dimers and the biochemical mechanisms by which Bcl-2 family proteins ultimately control cell life and death.